1. Novel ecosystems can differ from the native systems they replaced. We used phenology measures to compare ecosystem functioning between novel exotic-dominated and native-dominated grasslands in the central U.S.
| INTRODUCTION
Phenology is the timing of events within ecosystems such as spring green-up, flowering and late-season senescence. Plant canopies typically green-up, reach a peak and then decline (senesce) towards the end of the growing season. A dip in canopy activity is sometimes found during the peak of summer, especially in hot or dry climates.
The timing of these events is important to higher trophic levels, and mismatches between timing of green-up/senescence and herbivore, pollinator and microbial activities can be detrimental. Green canopies have higher nutrient contents than dormant canopies, which attracts herbivores (Frank & McNaughton, 1992) . Animals can track changes in phenology, and alter their activities and movements to match peak canopy growth and forage quality (Frank & McNaughton, 1992; Rivrud, Heurich, Krupczynski, Müller, & Mysterud, 2016) . Senescence at the end of the growing season is as important as green-up, especially because it can affect migratory animals during migration. Nevertheless, it has been less studied compared to green-up (Fridley, 2012; Gallinat, Primack, & Wagner, 2015) .
It is incompletely understood what controls the timing of phenological events. One well-established phenological pattern is that plant species with C 3 photosynthesis ("cool-season" species) actively grow during spring and fall when temperatures are cool, whereas species with C 4 photosynthesis ("warm-season" species) are active during summer when temperatures are warm (Sage & Monson, 1999; Tieszen, Reed, Bliss, Wylie, & Dejong, 1997) . This difference can be linked to plant traits such as specific leaf area, which tends to be higher in C 3 than C 4 species (Polley, Fay, Gibson, & Wilsey, 2016) . Phenology is also changing due to global temperature increases (Menzel et al., 2006; Wolkovich & Cleland, 2011) , elevated atmospheric CO 2 and nutrient deposition (Cleland, Chiariello, Loarie, Mooney, & Field, 2006) , and altered rainfall patterns (Prevéy & Seastedt, 2014) . Tieszen et al. (1997) found that land surface green-up occurred later in the spring as one moved from southern to northern latitudes in the U.S. Great Plains.
Current estimates are that green-up occurs 2.5-5 days earlier with each °C increase in temperature (Wolkovich & Cleland, 2011) .
Warming experiments indicate that warming will induce green-up 1.9-3.3 days earlier for each °C of warming (Wolkovich et al., 2012) .
This may increase the length of the growing season if middle and later stages are not impacted. However, earlier green-up can come at a cost if soil resources such as water are limiting (Steltzer & Post, 2009) , and dips in canopy activity or reductions in peak Normalized Difference Vegetation Index (NDVI) can occur during mid-season. Mid-season dips in NDVI could lead to no changes in annual productivity even when green-up is earlier and senescence is later. Mid-season declines can be prominent in areas with higher temperatures (Sherry et al., 2007) . Sherry et al. (2007) found that experimentally induced warming caused earlier flowering in early flowering species and later flowering in later flowering species, which caused greater within-season bimodality in Oklahoma grasslands.
There have been other human impacts, however, that have occurred concurrently with climate change. Changing management regimes and invasion by exotic species have also been increasing over the last century. Exotic species are recent arrivals on most continents, and if their phenology differs from the native species present at the site (Polgar, Gallinat, & Primack, 2014; Wolkovich & Cleland, 2011) , they could alter phenology of the sites as their abundance increases over time. Exotics are especially abundant in the former tallgrass prairie region of the central U.S., where an estimated 82%-99.9% of native prairie was converted to cropland and exotic-dominated pasture and rangeland (Samson & Knopf, 1994) . Exotic species in grassland systems were found to green-up earlier than paired native species in a common garden experiment (Wilsey, Daneshgar, & Polley, 2011; Xu, Polley, Hofmockel, Daneshgar, & Wilsey, 2015) , and fields that were exotic-dominated had earlier phenology than native-dominated fields (Martin, Harris, & Wilsey, 2015) . In a forest shade garden experiment, exotic woody plant species stayed green longer into the fall than did natives (Fridley, 2012) . If exotics green-up earlier and stay green later in the year than natives, they may have longer growing seasons and will fix more carbon compared to natives. Alternatively, a cost to the altered phenology might be present if exotics use up available soil moisture by mid-summer; mid-season drops in gross primary productivity (GPP) and lower peaks may lead to no overall difference in growing season GPP compared to native sites. A better understanding of how invasions alter green-up, senescence and mid-season dips in greenness is necessary for further understanding of how land surface phenology is expected to be altered by human activities.
The increased abundance of exotic species might complicate efforts to track phenological changes due to global change if invasion is happening concurrently with climate change over time (Fridley, 2012; Martin et al., 2015; Polgar et al., 2014; Wilsey et al., 2011; Wolkovich et al., 2013) . The effects of exotic species will need to be teased apart from climate change for further progress on this topic. Exotics are predicted to have altered phenology compared to natives due to two processes: (1) human selection during introduction for earlier green-up and/or later flowering (Wilsey, Barber, & Martin, 2015) , and (2) filtering during the invasion process that favours species that grow outside the normal growing period (Wolkovich & Cleland, 2011) . Human introduction of species with early growth is more likely to occur in species that have a large native range, greater height and propagule size, and lower maximum latitude in their native range (Pyšek et al., 2014; Van Kleunen, Johnson, & Fischer, 2007) . The first process can also be associated with the development of cultivars, which are commonly selected for later flowering (Wilkins & Humphreys, 2003) . Exotics have been found to differ from native species in multiple traits, including traits associated with establishment and growing
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climate change, exotic-dominated, grasslands, invasive species, land use change, native ecosystems, novel ecosystems, phenology, senescence, tallgrass prairie periods (Chrobock, Kempel, Fischer, & van Kleunen, 2011; Gravuer, Sullivan, Williams, & Duncan, 2008; Wilsey et al., 2015) . Gravuer et al. (2008) found that human introduction factors were most important in explaining the spread of Trifolium species in New Zealand. The species that were introduced intentionally by humans were more problematic than species that escaped on their own (Gravuer et al., 2008) .
Whatever the mechanism, exotic species could be affecting land surface phenology by invading formerly native-dominated sites in many human impacted regions. Here, we compare land surface phenology variables between native-and exotic-dominated grasslands in the former tallgrass prairie region of the U.S. to test whether exotic invasions are altering phenology on a large scale (Pettorelli et al., 2014) . Our hypotheses were: (1) exotic-dominated fields will have earlier green-up and later senescence than natives, (2) fields will green-up earlier and senesce later in warmer southern latitudes than colder northern latitudes, (3) phenology differences between natives and exotics will be similar in magnitude to the changes expected with increased temperatures. We focus on the field scale because that is where many management decisions are made (e.g. seeding, animal stocking rate, prescribed fire applications). We tested these predictions with land surface measurements of phenology using NDVI data from Landsat ETM+ satellite measurements (Landsat 7) for green-up, peak NDVI, mid-season dips in activity, and senescence between native and exotic-dominated grasslands along a latitudinal gradient through the centre of the continental U.S. (Martin, Polley, Daneshgar, Harris, & Wilsey, 2014) . Landsat data, which have small pixel sizes of 30 × 30 m, were used instead of MODIS data (250 m to 1 km pixel size) due to the small sizes of our native remnant sites (Reed, Schwartz, & Xiao, 2009 ). The native-exotic status of plant species and their functional types (C 3 vs. C 4 ) were determined within 42 fields using a point intercept field sampling technique described by Martin et al. (2014) . On average, exotic fields were 89.6% exoticdominated (SE = 1.8), and native fields were 91.8% native-dominated (SE = 2.1) C 3 -C 4 mixtures. The proportion of exotics did not change with latitude (Spearman's correlation r s = .13, p = .41). Exotic fields in the north were strongly dominated by C 3 species, whereas those in the south were dominated by C 4 species (Martin et al., 2014) . Native-exotic sites were paired so that they had similar soil characteristics and recent management (Martin et al., 2014) , and sites were not hayed or grazed during the year of sampling. Here we find that these exotic fields had different phenology when compared to native fields, a difference that exceeds the impacts of global warming in the case of senescence.
| MATERIALS AND METHODS

| Location of sites
A total of 42 grassland sites, 21 exotic and 21 native-dominated, were sampled in the central U.S. for the study. Sites were located along a latitudinal gradient from northern Minnesota to central Texas, including sites in those states as well as South Dakota, Iowa, Missouri, Kansas, and Oklahoma (Figure 2 ). Previous work estimated net primary productivity, C 3 -C 4 proportions, plant diversity, forage quality, and bee abundance and diversity at these sites (Martin et al., 2014) .
Here, we used the same sites to look at spring green-up, late-season senescence, winter minimums and mid-season dips using NDVI from Landsat 7 ETM+ satellite data. Polley et al. (2016) found that NDVI provided a more sensitive measure of GPP in grassland plots than did Enhanced Vegetation Index (EVI) in a similar grassland situation, and Walker, de Beurs, and Wynne (2014) found that peak NDVI and EVI followed similar temporal trends in arid grasslands.
We used Landsat NDVI data for all our analyses using data from the year ground sampling occurred (Martin et al., 2014) (2006) and Fisher and Mustard (2007) found that very large changes in leaf onset can occur over very short distances (<500 m), which necessitates using the higher resolution datasets offered by Landsat. Fisher et al. (2006) found that Landsat provides more accurate estimates of green-up and senescence dates than MODIS due to this greater spatial reso- This enabled us to estimate average (mean) phenology across years.
Combining years could potentially have led to inter-annual variation around means, but variation from this appeared to be small, based on the variance explained by our models (i.e. the high r 2 values, Tables 1   and 2 ; Figures S4 and S5) and the small amount of scatter in almost all sites. Looking at variation in NDVI across years within sites is important to do, but is beyond the scope of the current study. Cloudy days were excluded from analysis (i.e. Cloud <0.1). One site in central
Texas was excluded for green-up because it was hayed during spring in some years of the study (USDA-Ex). A few negative NDVI values were converted to 0 before analysis. We averaged NDVI across pixels within each site for a total sample size of 41 (green-up and NDVI minimum) and 42 (senescence, peak NDVI and mid-season dips).
| Statistical analysis
Green-up date was estimated at each site with a logistic equation
to estimate the date that the canopy reached 50% of its peak (X0):
T A B L E 1 List of exotic (E)-and native (N)-dominated sites, latitude, sum of squares, r 2 and n for a logistic model, date of green-up (X0, or NDVI that is 50% of peak values during early part of the growing seasons) and standard error (SE), minimum NDVI (y0) and standard error (SE) y = y0 + a/1 + e −(day−X0)/b using day of the year (X) data from December to mid-summer ( Figure S4 ). The winter minimum NDVI was estimated with the y intercepts (y0, Figure S1 ). Senescence was based on day of the year (X) data from mid-summer to the following January, and was estimated as the date that the canopy dropped to 50% of its peak (X0):
The 50% value was used because of the difficulty involved with estimating the exact beginning and ending of the growing season (Fisher et al., 2006) . These regressions produced a dataset of 41 green-up ( Figure S4 ) and 42 senescence dates ( Figure S5 ).
Fit between NDVI and day of year was significant in all cases, with green-up r 2 ranging from 0.53 to 0.98 (Table 1) , and senescence r 2 ranging from 0.94 to 0.99 (Table 2) . Nonlinear regressions were conducted using sas 9.4 with Proc NLIN.
Mid-season dips in NDVI were evaluated by comparing deviations from unimodal distributions for each site with the Dip test package using r software (Hartigan & Hartigan, 1985) , and with peak NDVI.
Departures from unimodality can denote drought and temperature stress during summer peaks. Xia et al. (2015) found that GPP can be calculated in grasslands with length of growing season multiplied by peak NDVI. We compared peak NDVI across sites to test for differences in maximum rates of GPP, which could run counter to any changes that are observed in growing season length across sites. Peak NDVI did not deviate significantly from a normal distribution and was not transformed (Wilk's Lambda tests, p = .89 for native sites, p = .27
for exotic sites).
Estimates of green-up, growing degree days, minimum NDVI (y0), departures from unimodality (i.e. dips) and senescence dates were then compared across latitudes and between native and exotic grassland sites with ANCOVA using Proc GLM of sas. Latitude was a covariate, and origin (native vs. exotic) was a fixed effect. The interaction between latitude and origin was tested (common slope assumption), and then removed from the model if p > .05. If p < .05, the interaction was interpreted, separate slopes were estimated, and independent tests of significance for native vs. exotic sites were made for northern states (MN, SD, IA), central states (KS, MO) and southern states (OK, TX).
These categories were consistent with the commonly used "Northern,"
"Central" and "Southern Plains" designations. Soil data were included as covariates, which were primarily %clay (PRIN 1) and slope (PRIN 2), and were then dropped from the model if not significant as described a space-for-time approach using temperature changes along the latitudinal gradient, and with a comparison of degree day differences using the weather station nearest each site. Latitude and minimum temperature were highly negatively correlated (r = −.99, Figure S3 ), largely because longitude was similar among sites. Thus, we could model the effects of warming using a space-for-time substitution approach that assumed temperature changes associated with latitude mimicked the effects of temperature increases over time (Phillimore, Stalhandske, Smithers, & Bernard, 2012; Piaoa et al., 2011) . Minimum temperature was used instead of maximum or average temperature because of its importance to frosts, which can affect phenology measures (e.g. Augsberger, 2013), but results were similar when using maximum or average temperatures, and all temperatures were very highly correlated (all r > .99). Analyses used average green-up and senescence between native and exotic grasslands across the latitudinal gradient (i.e. using a common slope). Growing degree days were used to compare differences between native and exotic sites using pairs of sites, at ambient and +2.5°C. Green-up growing degree days used the formula ∑ (mean i -5) accumulated across days after means reached 5°C, where mean i is the average temperature from 1981 to 2010 for that site (Arguez et al., 2010, www.ncdc.noaa.gov 
T A B L E 2 List of exotic-(E) and native-dominated sites (N), latitude, region (Central, Northern, Southern Plains), Sum of squares, r 2 and n for a logistic model, date of Senescence (X0, or NDVI that dropped to 50% of peak values during the latter part of the growing seasons) and Standard Error (SE). 
| RESULTS
Exotic-dominated sites had substantially different phenology compared to native-dominated sites, especially in date of senescence.
Exotic-dominated grasslands greened-up an average of 10.7 days earlier than native-dominated grasslands, but this effect was dependent on latitude (origin main effect Southern latitudinal exotic grasslands are dominated by C 4 grasses (Martin et al., 2014) , and C 4 grasses green-up later than C 3 grasses on average. Shifts in C 3 -C 4 proportions could have explained the green-up differences along the latitudinal gradient. To test this, we looked at the difference between native-and exotic-dominated grasslands after taking into account the proportion of biomass produced by C 3 and C 4 species using proportion C 3 as a covariate in an ANCOVA.
After taking into account C 3 proportions, the earlier green-up effect was non-significant (ANCOVA with C 3 as a covariate: F 1,36 = 1.0, p = .319), which supports the hypothesis that the C 3 -C 4 proportions were responsible for a lack of effect in the south compared to the central and north. Taking into account C 3 proportions also resulted in nonsignificant differences in growing degree days between native and exotic species (ANCOVA with C 3 as a covariate: F 1.37 = 0.2, p = .64).
Date of senescence, or the day that declining canopies hit 50% NDVI of their maximum was, on average, 36 days later in exotic-than native-dominated grasslands (Figure 1 bottom panel, Figure 2 , origin main effect F 1,38 = 21.3, p < .001). This effect was consistent across latitudes (i.e. non-significant origin × latitude interaction). The means correspond to native canopies reaching 50% on 18 October (day 291.5, SE = 5.5) and exotic canopies on 23 November (day 329.0, SE = 5.5) of a given year. This difference in senescence date was also highly significant after accounting for soil differences with latitude (origin main effect F 1,38 = 23.2, p < .001). Senescence date was significantly related to latitude (F 1,39 = 9.14, p = .004). The covariate soil clay content (principle component 1) was positively correlated with senescence date (F 1,38 = 4.46, p = .04). Accounting for this soil variable shifted the native-exotic difference to 37.6 days later for exotic sites (37.6, SE = 7.82). The model that included soil characteristics, latitude and origin accounted for 47% of the variance in senescence. These differences equated with a 545.2 degree day difference between native and exotic sites (SE = 97.08, origin main effect, p < .001, nonsignificant latitude × origin interaction).
Exotic sites had more dips from peak NDVI during summer than did native sites according to the dip test, but only in the north F I G U R E 1 Green-up (top panel, date that canopies reached 50% of peak during the early part of the growing season) and senescence date (bottom panel, date that canopies drop to 50% of peak at the end of the growing season) averaged across years in native (N)-and exotic (E)-dominated grassland sites along a latitudinal gradient in the tallgrass prairie region of the central U.S. Figure   S1 ). Latitude was the only significant predictor of minimum NDVI (F 1,36 = 61.3, p < .001), accounting for 67% of the variation. Minimum NDVI remained at a high level as one moved north until about 38°; it then declined linearly as latitude increased above that point ( Figures S1 and S2).
By substituting minimum temperature for latitude in a model regressing phenological variables against temperature, we were able to develop an estimate for how green-up and senescence dates may be affected by temperature increases expected from global warming. Regression equations were used to estimate how much a general climate change prediction of 2.5°C increase in temperature would affect phenology variables, and these values were compared to the phenology changes due to native-exotic differences with t tests with unequal variances. A 2.5°C value was used because it is the 50th percentile estimate of 42 global change models for June-August for the central U.S. under the RCP 4.5 scenario by the end of the 21st century (Christensen et al., 2013) . A 2.5°C increase in temperature led to a 7.6 day earlier green-up date. The average native-exotic difference in green-up of 10.7 days was significantly greater than the 7.6 day expected difference due to global warming (t = 4.05, p = .001).
A 2.5°C increase in temperature also affected senescence, with a 5.6 later senescence date. The native-exotic difference in senescence of 36.1 days was significantly greater than the 5.6 day expected difference due to global warming (t = 26.2, p < .001). Similar results would be found with maximum or average temperatures due to very high correlations among temperature variables (all r > .99).
When growing degree days were used in comparisons, we found a greater effect of exotics vs. natives than for a 2.5°C increase for senescence, but not for green-up. The 487.77 degree day difference between native and exotic sites in senescence was greater than the 182.1 degree day difference between ambient and +2.5°C (t = 96.8, p < .01). For green-up, the 97.2 degree day difference between native and exotic sites was smaller than the 163.6 degree day difference between ambient and +2.5°C (t = −28.4, p < .01).
| DISCUSSION
Our results from 42 grassland sites indicate that a major factor affecting land surface phenology in the former tallgrass prairie region of the U.S. is conversion of native tallgrass prairie to exotic-dominated grassland. Based on our analyses, phenology differences between native-and exotic-dominated grassland fields exceeded phenology shifts one may expect from typical increases in temperature due to climate change in the case of senescence. Green-up date differences between native and exotic sites were found in central and northern sites where dominant exotic species had C 3 photosynthesis, but was not found in southern sites where dominant exotic species were C 4 . This last effect was not initially predicted, and indicates that functional types will be important to consider in understanding exotic effects on green-up.
Many exotics were introduced to prevent erosion after the 1930s dustbowl and as forage species. Other species are escaped annual weeds or ornamentals. Most exotic species were intentionally introduced by humans (Mack & Lonsdale, 2001; , and current research focuses on how multiple species affect ecosystem processes in novel ecosystems (Hobbs et al., 2006; Kuebbing, Nuñez, & Simberloff, 2013 Xu et al. (2015) found that exotic plant mixtures green-up 18 days earlier than native species mixtures using the same metric as we have used here (50% of peak canopy). A greenhouse experiment with 28 perennial grassland species found that exotic species seedlings emerged earlier than native species, had higher germination rates and suppressed establishment of later arriving species to a greater extent than native species . Here, we found that exotic-dominated fields across a large geographic region had an average of a 10.7 day earlier green-up, and a 36 day later senescence than native-dominated fields. The senescence difference was much larger than the green-up date, which was similar to what Fridley (2012) found for forest understorey woody plant species. Invasion during winter (minimum NDVI) appeared to have similar effects on phenology of native and exotic fields, which suggests that it is growing season phenology alone that is affected.
Mid-summer dips in greenness (NDVI) indicate that higher temperatures and associated water limitations might limit gains in annual productivity one might expect from earlier green-up and later senescence. For instance, earlier green-up in exotic sites could have resulted in the canopy drying the soil to low levels at an earlier date than native-dominated areas as seen for annuals invading perennial systems (Polley, Wilsey, Derner, Johnson, & Sanabria, 2006) . This might have led to exotic fields in the north, which were dominated by C 3 species, to have more mid-season dips than native fields in the north (Figure 3 ). (Native fields in the north were dominated by a mixture of C 3 and C 4 species; Martin et al., 2014.) Furthermore, the shorter growing season in native sites was countered by having higher peaks in NDVI during summer, with peak NDVI being consistently higher in native than exotic sites. Taken together, our results indicate that exotic invasions may be leading to a shift in phenology without a concomitant change in annual productivity. What appears to be a longer growing season in exotic sites may not translate into increased GPP.
Based on this, we recommend that mid-season dips in NDVI and peak NDVI be considered in future phenology studies before concluding that growing season length and GPP have increased in cases where green-up is earlier and/or senescence is later.
We sampled 42 sites along the entire tallgrass prairie region of the U.S., and work will have to be conducted in other systems before broad generalizations can be made. In grasslands with few or no exotic species, phenology will be regulated purely by native species.
In many systems, effects will depend on the C 3 -C 4 photosynthetic status of the species involved, as we found for green-up. Species with C 3 photosynthesis green-up earlier and senesce later than C 4 species, on average. C 4 grass species are major invaders in subtropical and tropical regions of the world (Hughes, Vitousek, & Tunison, 1991; Sage & Monson, 1999; Tognetti & Chaneton, 2015) . Invasion by exotic C 4 species into a mixed native grassland will lead to earlier green-up compared to the native C 4 species present (Wilsey et al., 2011) , but the native-exotic difference may be smaller than if the invader had been a C 3 species. In a common garden study comparing grassland species within a functional group in monoculture (i.e. C 4 exotic grass vs. C 4 native grass, exotic C 3 forb vs. native C 3 forb, and so on), Wilsey et al. (2011) found that exotics had leaf break 28 days earlier than natives independently of functional group. Studies of invasion should consider both the native-exotic status of the species concerned, their mode of photosynthesis (C 3 vs. C 4 ), and the community shifts that have occurred between C 3 and C 4 species. However, our results also indicate that photosynthetic mode is expected to have a much smaller effect on late-season phenology (senescence), which was consistently different between native and exotic grasslands across the latitudinal gradient. Forested systems are being altered by exotics growing further into the fall than native species (Fridley, 2012) , consistent with our work. Finally, our work was at the field scale, and important small-scale variation can occur within fields, and this variation should be further studied in the future with non-satellite, site-based measurements.
The grasslands that we sampled were dominated primarily by perennial species (Table 1) , and annuals are more prominent in arid and Mediterranean grasslands. Proportion annual species averaged about 2% in our study across sites, with no significant difference between native and exotic sites (means 3.1% [1.4 SE] and 1.2% [0.6 SD] in exotic and native sites, respectively, F 1,38 = 1.4, p = .25). Proportion of annual species did not change with latitude (r s = −.22, p = .45). In more arid grassland systems, it is well known that the annual species cheatgrass (Bromus tectorum) alters phenology, and this difference has been used to map invaded and non-invaded areas (Peterson, 2008) . Prevéy and Seastedt (2014) found that irrigation in the winter favoured cheatgrass over native species, thus altering phenology. Green-up by this annual exotic species might alter spring green-up, and mid-season activities in a manner similar to what we found for tallgrass prairie.
Further research is needed on how climate change may be interacting with exotic-native proportions, and the traits (e.g. the mode of photosynthesis and annual vs. perennial status) of the species involved across sites.
Our results have important ramifications for studies of climate change in areas where exotic abundances are high and rising, as the effects of exotic species were greater than that expected from climate change in the case of senescence. Taking into account shifts in species composition from native species towards exotics will be necessary for better estimates of how temperature increases will alter land surface phenology. These two factors have the potential to interact as well (Dukes & Mooney, 1999) . Estimates of how plant species composition is changing, both in terms of native to exotic and C 3 -C 4 shifts should accompany studies of how phenology is changing over time. Shifts in community composition is an issue in all studies that use remote sensing for estimates of land surface phenology, which is likely to be the major method used in future studies (Pettorelli et al., 2014) . We recommend that phenology studies should use single species approaches, or take into account species shifts towards exotic species dominance in future phenology studies. Differences in phenology between native-and exoticdominated sites should be taken into account in management plans for grazing mammals (Frank & McNaughton, 1992) and pollinators (Delaney, Jokela, & Debinski, 2015) . Differences in phenology between native and exotic sites could be useful in guiding restoration plans for native species in exotic-dominated regions (Wainwright, Wolkovich, & Cleland, 2010) .
